Introduction
Unit cohesion is the strength of bonds between individuals that unite military personnel. It improves operational performance and effectiveness, and includes constructs such as effective military leadership, camaraderie (friendship and mutual trust) between unit members and effective communication between unit members and unit leaders [1] . It is associated with improved well-being, job satisfaction, high unit performance and lower incidence of disciplinary problems [2] . In the military, unit cohesion is recognized to be beneficial and is considered in tegral to morale and mission success [3] . Unit cohesion reduces vulnerability to mental health problems such as post-traumatic stress disorder (PTSD) [4] [5] [6] [7] , common mental disorders [5, 6] , depression [8] and physical ill health [5] . In some studies, poor leadership and a higher level of comradeship have been found to be associated with heavy alcohol use [5, 9] .
Traumatic exposure on military deployment is a wellestablished risk factor for PTSD [4, 6, 8] , depression [8] and alcohol use [10, 11] . High levels of unit cohesion may have a positive impact on an individual's ability to cope with military stressors [2, 12, 13] , for example by attenuating the negative psychological effects of deployment trauma [14] . Some research suggests that unit cohesion may buffer the effects of traumatic exposure on mental health measures such as PTSD symptoms [6, 8, 15, 16] and depression [8] but a recent large study [5] found no evidence to support this. Research involving Vietnam veterans suggested a moderator effect between unit cohesion, traumatic exposure and poor mental health [17] . At lower levels of trauma exposure, having high levels of unit cohesion reduced vulnerability to mental health problems. However, high levels of unit cohesion coupled with high traumatic exposure on deployment were associated with the highest level of PTSD [17] . To date, no other evidence has been found to corroborate this finding [4, 5, 15] .
It is unclear whether those who report experiencing poorer unit cohesion are at greater risk of mental health problems or are more resilient to them. As unit cohesion is a potentially modifiable factor, understanding how its level may influence the association between traumatic exposure on deployment and the mental health of military personnel is necessary to inform interventions which may prevent poor mental health post-deployment.
Research on Australia's contribution to the war in the Middle East and its effect on its military veterans is limited. Much of the research on the relationship between traumatic exposure, unit cohesion and mental health is limited to USA and UK veterans [8, 13, 15, 18] . There is a paucity of research on the association between unit cohesion and alcohol consumption in military settings [5, 9] . We therefore assessed the association between unit cohesion level, traumatic exposures on deployment and indicators of poor mental health in a large cohort of Australian military veterans deployed to the Middle East.
Methods
This research used data from a self-reported, crosssectional retrospective survey of current and ex- Participants were asked to rate their strength of agreement to five questions on their perception of unit cohesion during their most recent deployment to the MEAO. These items were adapted from the US Deployment Experiences Survey and have been used by other military studies [13, 18] .
The unit cohesion items were: Values were assigned to each of the five response options (5: strongly agree, 4: agree, 3: neither agree nor disagree, 2: disagree, 1: strongly disagree). There was good evidence that the unit cohesion items measured a single construct (Cronbach's α = 0.84) [20] . Hence the response scores to each item were added to form a total unit cohesion score. Total scores range from 5 to 25, lower scores indicating poorer unit cohesion. The distribution of scores was skewed and 15% of participants had the maximum score of 25. Participants were categorized into one of three unit cohesion levels, high (total score [23] [24] [25] , medium (total scores [18] [19] [20] [21] [22] and low (total scores 5-17) based on the shape of the distribution of scores. This ensured an adequate number of participants in each category for analysis purposes. Traumatic exposures on deployment were measured using 25 items that asked about the frequency of combat and other potentially traumatic exposures experienced in the most recent deployment to the MEAO [19] . These items captured events such as coming under fire, weapon discharge, fear of potential exposure and witnessing human degradation and misery. Items were drawn or adapted from the Deployment Risk and Resilience Inventory (DRRI) [21] , the King's College Health and Wellbeing Survey Phase 2 [22] and the Traumatic Stressors Exposure Scale (TSER) [23] .
A five-point rating scale was used to evaluate the level of traumatic exposure to each item and scores were assigned to each response level to quantify the intensity of exposures to traumatic events (0: never, 1: once, 2: 2-4 times, 3: 5-9 times, 4: 10 or more times). The traumatic exposure items had a Cronbach's α of 0.91 [20] . Therefore, these responses were summed to form a total traumatic exposure score ranging from 0 to 100. Higher scores indicate experience of a higher intensity of traumatic exposure. Based on the item response levels, a one-unit increase in the traumatic exposure score means one extra type of exposure was experienced on deployment, or that a particular exposure was experienced slightly more frequently.
Symptoms of post-traumatic stress were measured using the 17-item PTSD Checklist -Civilian Version (PCL-C) [24] . Total scores were created by summing the items (range from 17 to 85) and a threshold of 50 was used to indicate PTSD symptoms [25] .
Psychological distress was assessed using the 10-item Kessler 10 (K10) screening scale for non-specific psychological distress [26] with total scores ranging from 0 to 50. Scores of 30 or more were considered to indicate very high psychological distress [27] .
The 10-item Alcohol Use Disorder Identification Test (AUDIT) was used to quantify alcohol dependence patterns in participants. Total scores range from 0 to 40, with scores of 16 or more indicative of a high level of alcohol problems [28] .
All statistical analyses were carried out using SAS version 9.3 for Windows. To reduce non-response bias, the data were weighted for survey non-response based on the final response rates from the eligible population. Unless otherwise stated frequencies reported are unweighted but statistical estimates presented, such as percentages, means, medians, adjusted odds ratios (aORs) and 95% confidence intervals (95% CIs), were weighted for non-response. Wald's chi-squared test for association was used to examine the association between categorical variables, taking into account non-response weighting.
Responses to each unit cohesion item and the prevalence of poor mental health based on the item responses were tabulated. As the prevalence of mental health problems was similar between the 'agree' and 'strongly agree' responses and between the 'disagree' and 'strongly disagree' responses, these categories were combined to simplify the presentation of Table 1 .
Multivariable binary logistic regression models were used to quantify the association between traumatic exposure score, unit cohesion level and mental health measures. Traumatic exposure score was treated as a continuous variable and centred at the mean value of 12.0. As there was no statistical evidence of a non-linear relationship between traumatic exposure and mental health outcomes, it was fitted as a linear numeric variable Wald's chi-squared test. e Responses 'strongly agree' and 'agree' and the 'strongly disagree' and 'disagree' were combined to simplify presentation. ***P < 0.001. in the final analyses. The statistical interaction between unit cohesion and traumatic exposure and its association with poorer mental health was investigated. The likelihood ratio test was used to assess the interaction effect between unit cohesion and traumatic exposure.
All logistic regression analyses were adjusted for the confounding effects of participants' gender, age group (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) 
Results
Totally, 26 239 eligible ADF members were invited to participate and 14 032 (53%) responded to the survey. Analysis of non-response showed that response rates were significantly higher amongst females, older military personnel, officers, those in the Air Force and those actively serving in the military. Of the 14 032 participants who responded, 11 555 provided responses to at least one unit cohesion item ( Table 1) .
The majority of participants responded favourably to each unit cohesion item (Table 1 ) with 86% of participants reporting that 'they felt a sense of comradeship' with their unit members. The prevalence of PTSD symptoms (PCL-C ≥ 50) and of very high psychological distress (K10 ≥ 30) was 5 and 4%, respectively, and 6% of participants screened positive for high levels of alcohol problems (AUDIT ≥ 16). For each unit cohesion item, the prevalence of poor mental health was highest amongst those reporting lower unit cohesion.
A total of 11 411 participants provided sufficient responses to the unit cohesion items to be categorized to a unit cohesion level. Participants who were female, younger, lower rank or no longer serving in the military were more likely to recall low unit cohesion during their most recent deployment to the MEAO (Table 2 ). Low unit cohesion was associated with participants reporting having to do work on deployment that was beneath their ability, working with colleagues who did not do what was expected of them and having major problems at home whilst deployed. At survey completion, the median time since participants last deployed to the MEAO was 3 years [unweighted median A maximum of 10 096 participants responded to all variables used in each adjusted regression analysis. When unit cohesion and traumatic exposure on deployment were mutually adjusted for, participants with higher traumatic exposure scores and those who reported low levels of unit cohesion were more likely to report PTSD symptoms, very high psychological distress and high levels of alcohol problems (Table 3 ). The strength of the association between traumatic exposure and each mental health measure was consistent across the different unit cohesion levels ( Table 4) . The likelihood ratio test demonstrated no statistical evidence that traumatic exposure was associated differently with poor mental health in those who had reported low, medium or high unit cohesion.
Discussion
The analysis demonstrated that both greater traumatic exposure and poorer unit cohesion on deployment were associated with a greater prevalence of PTSD symptoms, psychological distress and alcohol problems in military personnel deployed to the MEAO. However, there was no evidence that unit cohesion level modified the association between traumatic exposure and poor mental health in the three mental health measures examined.
As the data were cross-sectional, we were unable to examine the temporal relationships between the exposures and outcomes in the analyses. Some veterans were required to recall their level of unit cohesion and deployment exposures up to 9 years after their last deployment to the MEAO. This recall may have been influenced by other deployment and life experiences before or after this deployment. The long lag time could allow any underlying mental health symptoms to resolve, but also allow symptoms to develop in those with more chronic and persistent health problems.
All health outcomes in this study were measured using standard, well-validated scales. However, since we used self-reported data, the health outcomes represent symptoms rather than clinical diagnoses. The traumatic exposure measure used in these analyses was not limited to combat exposure alone but included other traumatic exposures on deployment which may affect the mental health of serving members. Items on unit cohesion have been used in UK military studies [13, 18] but there are no existing cut-off points for unit cohesion score in the literature. Hence, these cut-off points may not be applicable to other studies. The unit cohesion scale has not been validated, but we found it had good reliability in this cohort of military personnel. This study's strengths include using data from a large cohort of current and ex-serving military personnel deployed to the Middle East. The sample size was maximized by inviting eligible current and former military personnel deployed to the MEAO between 2001 and 2009. Although the response rate was 53%, the results were weighted to reduce response biases. These findings may be applicable to other contemporary military populations that are fit to deploy.
We have shown that low unit cohesion is strongly associated with poor mental health, which is consistent with previous findings [4, 5, 7, 8, 29] . This may suggest that low unit cohesion can increase veterans' vulnerability to mental health problems. Alternatively, it may be that those with poor mental health may reflect negatively on their experiences on deployment.
Results from the few studies that have examined the association between unit cohesion and alcohol misuse in military populations have been conflicting [5, 9] . Browne et al. found poor unit leadership and moderate to high levels of comradeship, each components of unit cohesion, to be associated with alcohol misuse. These findings could suggest that alcohol consumption is used as a social bonding tool, easing social interaction by reducing inhibitions between an individual and other unit members, and may act as an important catalyst for unit cohesion [9] . In contrast, Du Preez et al. [5] did not find an association between unit cohesion and alcohol misuse, arguing that childhood adversity explained the majority of this association. Our finding that low unit cohesion was associated with a high level of alcohol problems contrasts with these findings [5, 9] . Our results suggest that alcohol may be used as a coping strategy by military personnel. Alternatively, those with alcohol problems may reflect relatively poorly on their deployment experiences and hence recall poorer cohesion on deployment.
To the best of our knowledge, this is the first large-scale study to demonstrate an association between low unit cohesion and high levels of alcohol problems in a military setting. However, as we did not collect data on childhood adversity, further investigation on how childhood adversity influences the relationship between unit cohesion and alcohol consumption patterns in military populations is needed. We have also shown that traumatic experiences on deployment are associated with increased vulnerability to mental health problems. While this association is well established, it is difficult to control the level of traumatic exposure that military personnel experience in the war zone. Instead, strengthening unit cohesion on deployment through effective military leadership, by fostering comradeship between unit members and through effective communication with unit members and unit leaders may assist in reducing the risk of mental health problems. Unit commanders should be educated on the benefits of unit cohesion and encouraged to improve their leadership skills [8] . Group exercises to improve morale and encourage bonding between unit members and commanders, resilience training aimed at improving coping skills and better preparation prior to deployment may help to improve resilience to mental health vulnerabilities [8, 30] . Additionally, providing good mental health care during and after deployment to support those who develop symptoms of poor mental health, despite good cohesion, may assist in resolving any underlying mental health problem before it becomes a chronic condition [6] .
Despite the strong associations between unit cohesion, traumatic exposure and poor mental health, there was no evidence that traumatic exposure was associated with poor mental health differently based on the level of unit cohesion, which complements the findings of Du Preez et al. [5] . This contrasts with previous research suggesting unit cohesion may attenuate [6, 8, 15, 16] or Models include unit cohesion and traumatic exposure variables and are adjusted for ADF member's gender, age group, service, service status, rank, whether assigned work on deployment met their ability, their colleagues did what was expected of them and whether they had any problems at home during most recent MEAO deployment. NS: P ≥ 0.05; *P < 0.05; ***P < 0.001. Models include unit cohesion, mean centred traumatic exposure and the interaction between these two variables and are adjusted for ADF member's gender, age group, service, service status, rank, whether assigned work on deployment met their ability, their colleagues did what was expected of them and whether they had any problems at home during most recent MEAO deployment.
exacerbate [17] the effects of traumatic exposure on poor mental health. Data from longitudinal studies measuring unit cohesion, traumatic exposure and mental health measures pre-and post-deployment may provide more definitive evidence on this question. Our findings lend support for increased monitoring of deployed members' perceptions of unit cohesion and traumatic exposures experienced on deployment. This may help identify issues that contribute to the lack of cohesion within the unit (e.g. lack of trust, support or loyalty between unit members), which may worsen any underlying mental health problems [8] . The information gained can then be used to improve unit cohesion through target interventions such as psycho-educational training and programmes on responsible drinking aimed at groups of military personnel identified with low unit cohesion.
Key points
• In this study, low unit cohesion and traumatic exposure on deployment were both strongly associated with post-traumatic stress disorder symptoms, psychological distress and alcohol problems in military personnel.
• However, the level of unit cohesion did not modify the association between traumatic exposure on deployment and poor mental health.
• This suggests that efforts to improve unit cohesion by the military may aid in enhancing the resilience of military personnel to poor mental health, regardless of the level of traumatic exposure experienced on deployment.
